INTRODUCTION
Korea. Mass outbreaks of tuberculosis have been sporadic but frequent in high school students, military personnel, and North Korean refugees [3] . [4] . At present, IS6110-RFLP is the gold standard [5] , but this method is labor intensive and requires culturing of the slowly growing mycobacteria, which is inconvenient and delays the results [6] . Moreover, strains with low IS6110 copy numbers cannot be analyzed adequately, and such strains are spreading worldwide. Also, the Beijing family carries 20 to 25 copies of IS6110 and exhibits highly similar RFLP patterns and thus likewise cannot be analyzed accurately [5] [6] [7] . The spoligotyping method is simple, rapid, robust, and economical [4, 5] . However, its differentiating power is less than that of IS6110 typing when high copy-number strains are being analyzed [5, 8] .
A new PCR-based method relies on mycobacterial interspersed repetitive units-variable number tandem repeats (MIRU-VNTR). Each isolate is typed according to the number of copies of repeated units at 12 independent loci scattered throughout the genome. This method has been evaluated in several studies in different settings [6, 9, 10] . The high resolution, fast turnaround time, ability to compare results easily between laboratories, and the possibility of high-throughput analysis make MIRU-VNTR an attractive method for fingerprinting large numbers of M. tuberculosis isolates. However, the 12-locus MIRU-VNTR provides limited information about Beijing family isolates [7, 11] . Therefore, the newly proposed variable-loci MIRU-VNTR typing method was evaluated for its ability to differentiate M. tuberculosis Beijing family strains [12] [13] [14] . In our previous study, the proportion of Beijing and Beijinglike families was about 80% [15] , so a sophisticated molecular epidemiologic analytic method other than IS6110-RFLP or spoligotyping is required. We investigated the utility of MIRU-VNTR as a molecular strain typing tool for differentiating M. tuberculosis isolated in South Korea.
MATERIALS AND METHODS

Sample collection and bacterial strains
A total of 81 isolates were randomly selected from among 187 isolates used in the previous study [15] , which were clinical isolates originally cultured at Pusan National Univer- The amplified PCR products were analyzed on a 2% agarose gel, and the number of tandem repeats was calculated. For discrimination analysis, the Hunter-Gaston diversity index (HGDI) was calculated as described elsewhere [18] and used for comparison of the discriminatory power of each VNTR locus.
MIRU-VNTR
IS6110-RFLP
Among 81 M. tuberculosis isolates, randomly selected four Beijing family and four Beijing-like family members were subjected to IS6110-RFLP analysis performed by an internationally standardized method [19] . Briefly, mycobac-
Abbreviation: MIRU-VNTR, mycobacterial interspersed repetitive units-variable number of tandem repeats. probes for a day, the membrane was exposed to X-ray film for 30 min followed by development.
RESULTS
All 81 samples showed amplification products of all VNTR loci, and all of them showed differences in at least one locus (Table 2 ). Fig. 1 shows three isolates' electrophoretic patterns. The results of allelic diversity and HGDI are summarized in Table 2 Table 1 and 2. Abbreviation: See Table 1 . Table 1 and 2. All isolates belonging to the Beijing family defined by Kremer et al. [21] hybridized to the last nine probes in spoligotyping, but differed in at least three loci in MIRU-VNTR analysis. Abbreviations: RFLP, restriction fragment length polymorphism; MIRU-VNTR, mycobacterial interspersed repetitive units-variable number of tandem repeats. Table 1 and 2. All isolates belonging to the Beijing-like family defined by Kremer et al. [21] hybridized exclusively with most of the last nine probes in spoligotyping, but differed from each other in at least two loci in MIRU-VNTR analysis. Abbreviations: See Fig. 2 . method for IS6110 in 1991 [22] , it became the gold standard for M. tuberculosis typing [5] . However, this method is labor intensive [10] and requires culturing for 3 to 4 weeks because it uses colonies, not DNA amplification. Another epidemiologic analysis, the spoligotyping method, is simple, rapid, robust, and economical when only one or two colonies are available or for use in smears because it is based on PCR.
However, the differentiating power is less than that of IS6110 typing when high copy-number strains are being analyzed [5, 8] , and it cannot differentiate strains within the Beijing family [23] .
The MIRU-VNTR is a relatively new method that has been standardized [9, 14, 24] . This method is considerably faster than IS6110-RFLP typing and is applicable to crude DNA extracts from early mycobacterial cultures. It thus is an invaluable tool for genotyping and provides data in a simple format based on the number of repetitive sequences in polymorphic microsatellite and minisatellite regions [4, 6] , making the results easy to compare and exchange [9, 25] .
A total of 41 loci have been identified in the genome of M.
tuberculosis, of which 12 (MIRU-2, -4, -10, -16, -20, -23, -24, -26, -27, -31, -39, and -40) are hypervariable repetitive units [9, 17] . We used four additional loci (ETR-A, -B, -C, and -F) [10] . In contrast to previous studies [13, 14, 24] , we found the diversities of MIRU-4, -23, -24, ETR-A, -B, and -C to be insufficient to classify the organisms in our collection. For example, the same 2251424 MIRU-VNTR profile of MIRU-4, 20, 23, and 24, and ETR-A, B, and C loci were observed in more than half of the tested isolates.
However, our study showed that the VNTR method can be effective in differentiating strains because each of four randomly selected isolates of the Beijing and Beijing-like families had different MIRU-VNTR types. These results show that the VNTR method makes it possible to distinguish domestic strains of similar spoligotypes that are hard to differentiate with IS6110-RFLP. We did not apply this method for tracing of TB outbreak, but other studies showed its technological reliability [6, 26] . In conclusion, MIRU-VNTR analysis using well-selected loci can be useful in discriminating clinical M. tuberculosis isolates in areas where the Beijing family is predominant.
